The usage and types of chemicals being developed, with diversified new exposure of workers, are of natural concern to occupational disease. In Korea, with industrialization, application of many chemicals has increased. A large proportion of mortality and disease is due to cancer, and the causal hazardous agents include chemical agents, like heavy metals and so on. Due to the long latency period with malignancies and the fact they are usually found after workers' retirement, it is suggested that management policies must be established to prevent occupational cancers occurring among workers in Korea. To give a general description about the efforts to prevent the occupational cancer with exposure to chemicals, articles on the trends of occupational cancers were reviewed and summarized with related research and efforts for prevention in Korea. It is important to improve the understanding of occupational cancer and help to maintain sustainable and appropriate measures to guarantee workers safety and health.
Introduction
The usage and types of chemicals become developed, specialized, diversified, and newly exposed workers are concerning to occupational disease. In Korea, with the industrialization, the uses of many chemicals have increased since the 1970s. As a consequence, there have been increasing the occupational diseases caused by poisonous chemicals, such as heavy metal poisoning, solvent poisoning and occupational cancer from late 1980s. Many actions have been taken for prevention by the government, employers and employees or unions. In the 1990s most chemical related diseases and pneumoconiosis have rapidly decreased due to improving work environment. Occupational cancers are increasing because of their long latency, although the use of carcinogenic substances are reduced, limited, and even banned .
To analyze the characteristics of the occupational diseases, we compensated with the Industrial Accident Compensation Insurance that is operated by the Korea Labor Welfare Corporation (KLWC). About 1.0% of all diseases were cancer, and the causal hazardous agents were chemical agents, heavy metals and so on. It was suggested that a management policy must be established to prevent occupational cancers occurring among workers in Korea (Ahn et al., 2004) .
The proportion of cancer as a cause of death in Korea has been continuously increasing. In 2000, about 24%
Kyung-Taek Rim of deaths were caused by cancer. Occupational exposure would have contributed to the development of some cancers. It would have accounted for more than 2,000 cancers in a year if 4% of all cancer or 10% of lung cancer was regarded as arising from the work environment. However, occupational cancer has not been reported as much as expected. Many cases of occupational cancers have been reported such as lung cancer due to exposure to asbestos, chromium, exhaust gases, coke oven emissions, and silica, as well as leukemia due to exposure to benzene or other solvent and bladder cancer arising from exposure to benzidine salts. Special attention is required to detect occupational cancer due to their long latency period and the fact they are usually found after retirement (Kang et al., 2001) . Chromium, asbestos and cokes were the most frequent exposed agents. The commonest exposure agent in the ascertained cancer cases was asbestos and cokes. The occupational cancer surveillance system using data linkage analysis on the workers exposed to hazardous agents was the most feasible and efficient method in Korea .
Approximately 2% to 8% of all cancers are thought to be due to occupation. In addition, occupational and environmental cancers have their own characteristics, e.g., specific chemicals and cancers, multiple factors, multiple causation and interaction, or latency period. Concerning carcinogens, asbestos/silica/wood dust, soot/polycyclic aromatic hydrocarbons [benzo(a) pyearene], heavy metals (arsenic, chromium, nickel), aromatic amines (4-aminobiphenyl, benzidine), organic solvents (benzene or vinyl chloride), radiation/radon, or indoor pollutants (formaldehyde, tobacco smoking) are mentioned with their specific cancers, e.g., lung, skin, and bladder cancers, mesothelioma or leukemia, and exposure routes, rubber or pigment manufacturing, textile, painting, insulation, mining, and so on (Yang, 2011) . A research was performed to evaluate the occupational relationship on 190 cases of cancer selected out of 622 cases of cancer. The cancer developing organ in the order of relative frequency was lung, followed by liver, urinary bladder and skin for male, liver, followed by lung, skin and urinary bladder for female. There were two cases of suspected occupational relationships in the lung cancer cases. Occupational cancer is likely to increase in the near future, so the efforts to detect occupational relationships with cancer should be continued (Bae et al., 1999) . In Korea, heavy and chemical industries underwent rapid growth during the 1970s. The first occupational cancer was mesothelioma due to asbestos, reported in 1993 (Kim et al., 2010) . The Occupational Safety and Health Research Institute (OSHRI) of the Korea Occupational Safety and Health Agency (KOSHA) has conducted epidemiologic investigations and research on occupational cancer since 1992. These investigations showed that various kinds of occupational cancers, such as mesothelioma, lung cancer, leukemia, non-Hodgkin's lymphoma, and bladder cancer.
The proportion of carcinogen-exposed workers was measured in a nationwide survey, first conducted in Korea in 1994, those who use the chemical in the workplace. Efforts have been made to obtain more information on the prevalence of carcinogen-exposed workers in Korea. According to the electronic database of claims for occupational cancer of Korea Workers' Compensation and Welfare Service (COMWEL) electronic database, among claims for occupational cancer, the most common was digestive cancer. On the other hand, the highest approval rate was for mesothelioma claims, followed by respiratory cancer, lymphoid or hematopoietic cancer. By industry, claims were most common in manufacturing, but the approval rate was highest in mining and quarrying . At the request of COMWEL, OSHRI has investigated workers and the workplaces that are involved in claims of occupational disease to evaluate work-relatedness since 1992. The most common causative agent of lung cancer was asbestos, followed by hexavalent chromium, polycyclic aromatic hydrocarbons (PAHs), and crystalline silica. Asbestos exposure was related to all cases of malignant mesothelioma. Other types of respiratory cancer that have been investigated include laryngeal cancer, nasal cancer, and nasopharyngeal cancer (Kang et al., 2001 ).
An occupational disease surveillance system have been established to monitor trends in occupational disease and to identify sentinel cases since 1999, supported by OSHRI. In Korea, two types of surveillance systems are used. The first is the regional occupational surveillance system for preventing occupational hazards at the local level. The second is a nation-wide occupational surveillance system for specific target diseases, such as occupational lung cancer, occupational asthma, and malignant mesothelioma.
It is difficult to predict the trend for the future incidence of occupational cancer, but it could demonstrate that occupational respiratory cancer has increased during the last 10 to 20 year. Important programs and regulations are in place to prevent and control occupational cancer, such as banning all forms of asbestos, workplace exposure monitoring, and occupational disease surveillance systems. Indeed, more efforts to advance the systems for the prevention and management of occupational cancer are needed in response to changing technology and work environments.
In this review, we summarize the trends of occupational cancer in Korea, researches about it and our efforts to prevent. It is important to improve the understanding of the occupational cancer and help to keep a sustainable, appropriate measures for workers safe and health against it.
Methods
This review study was conducted through an extensive review of the literature. Literature review techniques were used to find relevant articles in South Korea with industrial hygiene, in vitro assay, in vivo study and epidemiologic literature.
Extensive internet searching was used as the primary tool for this review. Various websites including Google Scholar (http://scholar.google.com), ScienceDirect (www. sciencedirect.com), and PubMed (http://www.ncbi.nlm. nih.gov/pubmed/) were also searched. Also, we searched the following databases: Elsevier, SpringerLink, EMBASE, and Wiley Online Library, using the combinations of the following key words; the ending date of searched publications was December 2012.
Searches were conducted using keywords similar to the following: occupational cancer, chemicals AND worker OR environment OR occupation AND health. These searches yielded more than 100 references. The references were reviewed further for information regarding its prevention. As a result of this further examination, the 82 citations were deemed relevant to this study and are included as references in this report.
And we discussed the future prospect of occupational cancer in Korea, the significance with preventive efforts for workers health
Types of Occupational Cancers with Industrial Chemicals
The Korean Occupational Exposure Limits (KOEL) data included number of industry and workers exposed, type of carcinogen and their exceeded ratio, type and size of industry in each year. The most common carcinogen exceeding KOEL were found to be formaldehyde, benzene, ethylene oxide and chromium (Ⅵ). The carcinogens with the highest level of over-exposure were in the order of formaldehyde, benzene, ethylene oxide and asbestos. Benzene, ethylene oxide and chromium (Ⅵ) were the most frequently over-exposed carcinogen with the highest level (Phee, 2011 DOI:http://dx.doi.org/10.7314/APJCP.2013.14.6.3379 Occupational Cancers with Chemical Exposure and Prevention in Korea: A Literature Review (PAHs), diesel exhaust particles, chromium, and nickel (Leem et al., 2010) .
Benzene is the most important cause of occupational leukemia in Korea. Considering the estimated PAF in this study, the annual number of occupational LHP cancer (51 cases during 10 year period), might be underreported within the compensation system (Kim et al., 2010) . Benzene has been used in various industries as glues or solvents in Korea. Claims for compensation of hematopoietic diseases related to benzene have been rising even though the work environment has been improved. It was reviewed the claimed cases investigated by KOSHA between 1992 and 2000. Korean workers were not highly exposed to benzene and the level of exposure was mostly less than 1 ppm. However, there might be an excessive risk of hematopoietic disorders due to relatively high past exposure. The OEL value of benzene was amended to 1 ppm from 10 ppm in 2002 and was effective since July 2003 .
Asbestos causes several asbestos related diseases (ARDs). Not only occupational asbestos exposure but also environmental asbestos exposure can cause ARDs. In Korea compensation for workers with ARDs has been provided by workers' compensation. The first wave of asbestos problems arose from occupational exposure directly involving asbestos production, the second wave arose from usage of asbestos products, and the third wave would be related to asbestos ubiquitous in the environment (Kang et al., 2012) . The asbestos textile industry is characterized by the highest asbestos ambient air concentration of those workers who have suffered from high incidence of lung cancer, malignant mesothelioma, and other ARDs. High lung cancer and malignant mesothelioma mortality rates among asbestos textile workers were established. A large number of environmentally exposed residents as well as severity of health problems among asbestos textile workers would cause huge social problems . Asbestos has been widely used in Korea since the 1970s, therefore, a large number of Korean workers, especially who engaged in the industries of asbestos textiles, shipbuilding, or construction, have been exposed to asbestos occupationally. It has also been revealed that about 60% of malignant mesothelioma patients have experiences to be exposed to asbestos in the past. However, mesothelioma has increased greatly in recent years in Korea, and it is expected to increase continuously considering asbestos consumption, as it happened in other countries which used large amounts of asbestos . To report a case of lung cancer caused by long-term asbestos exposure in a shipyard, the biopsy samples and bulk sample using a transmission electron microscope (TEM) equipped with an energy dispersive X-ray analyzer (EDX). The concentration asbestos fibers in the workplace exceeded the occupational exposure limits of asbestos. These findings strongly suggest that this patient's lung cancer was related to the long-term asbestos exposure (Yoon et al., 2004) . Compensation for asbestosrelated cancers occurring in occupationally-exposed workers is a global issue; this is also an issue in Korea. 60 cases of asbestos-related occupational lung cancer and mesothelioma that were compensated during 15 year; from 1993 (the year the first case was compensated) to 2007. The meaningful duration of asbestos exposure for lung cancer and mesothelioma cases was 19.2 and 16.0 year, respectively. The meaningful latency period for lung cancer and mesothelioma cases was 22.1 and 22.6 year, respectively. The major industries associated with mesothelioma cases were shipbuilding and maintenance and manufacture of asbestos textiles. The major industries associated with lung cancer cases were shipbuilding and maintenance, construction, and manufacture of basic metals. Considering the current Korean use of asbestos, the number of compensated cases in Korea is expected to increase in the future but not as much as developed countires . The magnitude of asbestosrelated health problems in Korea has been underestimated due to under-diagnosis, incomplete reports, and shorter duration of exposure. A nationwide surveillance system for asbestos exposure and malignant mesothelioma should therefore be implemented . Although asbestos mining and manufacturing has started in Korea since the 1920s, it was not until the 1980s that the broader social democratic movement heightened public awareness of the health problems associated with exposure to asbestos.
It was reported the limited evidence of carcinogenic effect of welding fumes to human and in vitro tests, but not known the biochemical mechanism (Rim et al., 2007) . The soluble hexavalent chromium Cr (VI) used in industrial welding is an environmental contaminant widely recognized to act as a carcinogen, mutagen and teratogen towards humans and animals. The carcinogenic potential of metals is a major issue in defining human health risk from exposure (Sellappa et al., 2010) . According to the toxicological and epidemiological studies, hexavalent chromium is associated with increase of lung cancer risk. Genotoxic effects, such as chromosomal aberrations, and cellular oxidative DNA damage by reactive oxygen species (ROS) produced by hexavalent Cr exposure may play an important role in its carcinogenesis (Maeng et al., 2003) . In conclusion, the lung case could be associated with his task including welding, gousing, and this association could be attributed to carcinogenic potential of the nickel and chromium in the fume (Yi et al., 2000) .
Direct Black 38, a kind of benzidine-based azo dye, is widely used as a dye for fabric, leather, cotton, cellulosic material, paper, wool, silk, and so on. Benzidine-based azo dyes are proven as a mutagen and linked to bladder cancer (Won et al., 1996) .
Inorganic arsenic (As) is considered a human carcinogen because it is associated with cancers of skin, lung, liver and bladder in exposed populations. Arsenic (As) is a known human carcinogen; however, very little is known about the health consequences of occupational exposure to As (Vuyyuri et al., 2006) .
The contents of Table 1 are showing the industrial carcinogens classified with occupational safety and health act in Korea.
Lung cancer is the leading cause of cancer death, and the incidence of malignant mesothelioma is expected to increase sharply in the near future. Although information about lung carcinogen exposure is limited, it is estimated DOI:http://dx.doi.org/10.7314/APJCP.2013.14.6.3379 Occupational Cancers with Chemical Exposure and Prevention in Korea: A Literature Review that the number of workers exposed to carcinogens has declined. Main causative agents of occupational lung cancer included asbestos, hexavalent chromium, and crystalline silica. Compensated malignant mesotheliomas were associated with asbestos exposure. Occupational respiratory cancer has increased during the last 10 to 20 year though carcinogen-exposed population has declined in the same period. More efforts to advance the systems for the investigation, prevention and management of occupational respiratory cancer are needed .
The proportion of lung cancer cases to which occupational exposure contributes is reported to be in the range of 9-15% (Kim et al., 1995) . In Korea, that was estimated at 7% (Lim et al., 2010) . Another example is asbestos-related diseases. Asbestos-exposed workers who have primary lung cancer or malignant mesothelioma could be compensated if they have asbestosis, signs of asbestos exposure such as pleural plaque, or a history of asbestos exposure for more than 10 year ). However, most cases claimed for occupational diseases are evaluated on a case-by-case basis by the COMWEL, and some of them are investigated in depth by the OSHRI in KOSHA to determine whether they are work-related. The types of exposure included the manufacture of asbestos-containing products, use of asbestos-containing products in the manufacturing process, and handling of asbestos-containing products in the course of work. The most common industries related to occupational malignant mesothelioma were shipbuilding and repair and the manufacturing of asbestos textiles (Ahn et al., 2012 ). An elevated risk of lung cancer was found among cohorts of male workers exposed to carcinogenic heavy metals including arsenic, beryllium, cadmium, chromium, and nickel, but the association was not significant. An analysis of a cohort of carcinogen-exposed workers indicated an excess of lung cancer in asbestos-exposed workers (Jeong et al., 2011) .
Although not targeting respiratory cancer, several occupational cohort studies have been conducted to examine the risk of cancer. Park et al. (2005) reported no significant association between the iron and steel industry employment and lung cancer. A case of lung cancer (small cell carcinoma) was reported occurring in a worker exposed to coke oven emissions. The lung cancer occurring in this patient was seen as an occupational disease due to exposure to coke oven emissions (Lim et al., 2002) .
Malignant mesothelioma and lung cancer are representative examples of occupational cancer. Lung cancer is the leading cause of cancer death, and the incidence of malignant mesothelioma is expected to increase sharply in the near future. Although information about lung carcinogen exposure is limited, the compensation for occupational respiratory cancer has increased after 1992. The majority of compensated lung cancer was due to underlying pneumoconiosis. Other main causative agents of occupational lung cancer included asbestos, hexavalent chromium, and crystalline silica. Related jobs included welders, foundry workers, platers, plumbers, and vehicle maintenance workers. Compensated malignant mesotheliomas were associated with asbestos exposure. Epidemiologic studies conducted in Korea have indicated an elevated risk of lung cancer in pneumoconiosis patients, foundry workers, and asbestos textile workers. More efforts to advance the systems for the investigation, prevention and management of occupational respiratory cancer are needed . The lung cancer mortality in Korea has increased remarkably during the last 20 years. The main carcinogens were asbestos, crystalline silica, radon, polyaromatic hydrocarbons (PAHs), diesel exhaust particles, chromium, and nickel. It was estimated that about 11.7% of the incident lung cancer was preventable. This reveals the potential to considerably reduce lung cancer by intervention in occupational fields (Leem et al., 2010) .
Pancreatic cancer, although an uncommon tumor, is one of the most lethal tumors. The occupational and genetic conditions may play important role in the etiology of pancreatic cancer (Lee, 2004) .
The first report on an occupational bladder cancer in Korea was the 41 years old man who worked as a dyer for 17 years at two dyeing factories, which handled nylon and polyester fabrics in Daegu. He was exposed to many kinds of dyes during weighing, mixing, dissolving and dyeing processes. Among many kinds of acid, disperse and direct dyes that he has been exposed to, several dyes have confirmed to contain benzidine-based dyes, one was o-tolidine-based dye, and one was o-dianisidinebased dye. He was exposed to the definite occupational carcinogen even though the level was relatively lower than that of dye manufacturers. These evidences support that the dyer's bladder cancer could be related to the occupational exposure to benzidine-based dyes . It was founded the significant correlation between the bladder cancer in the age of 40s and the industrial exposure indicator. Future analytic studies should be fruitful in identifying more occupational risk factors for bladder cancer. Investigation of cancer incidence including geographic variations and difference by age may identify patterns suggesting occupational exposures (Paek et al., 1995) . Reproductive dysfunction as a result of 2-bromopropane poisoning was first reported in Korean workers. 2-bromopropane poisoning caused severe reproductive effects in Korean workers. A few cases of occupational bladder cancer have been reported in Korea, whereas other cancers of the urinary tract have not been reported after occupational exposure (Park et al., 2010) .
Occupational Cancers with Industries or Jobs
There are specific jobs with chemical environment from welding, road pavement, construction industry, semiconductor, foundry, cement, mining, shipbuilding, steel, even to agriculture, bus driver, health care worker and firefighters. Job types associated with occupational lung cancer cases were: 30.2% with maintenance, 24.5% with welding; 11.3% with grinding; 7.5% with foundry; 5.7% with driving, casting, and painting and 26.4% with 'other'. These results indicate that past exposure to occupational carcinogens remains an important determinant of occupational lung cancer occurrence (Lim et al., 2010) .
The most common occupation among confirmed malignant mesothelioma was construction worker, and others included asbestos textile industry workers, welders at shipbuilding, soldiers, and manufacturing workers. Some patients had histories of environmental exposure, such as residence near a mine or repair the asbestos slate roof of their own house (Jeong et al., 2011) . Lung cancer related jobs included welders, foundry workers, platers, plumbers and vehicle maintenance workers. Epidemiologic studies conducted in Korea have indicated an elevated risk of lung cancer in pneumoconiosis patients, foundry workers, and asbestos textile workers . A lung cancer with pleural asbestosis in a worker exposed to asbestos in manufacturing insulation and malignant pleural mesothelioma in a boilermaker and a plumber were reported in the 1990s. Since 2000, reports have identified lung cancer associated with exposure to coke oven emissions (Lim et al., 2002) , lung cancer in an asbestos-exposed shipyard repairman (Jeong et al., 2011) , and lung cancer with silicosis in a plasterer exposed to cement dust contained silica (Lim et al., 1997) . Significant association was observed for farmer, briquette stove users, agricultural chemicals users, and welding/fume exposures. Although there were elevated risks associated with production, home industry, transportation/storage/communication, lodgement/food worker and construction, none were statistically significant. As results, although smoking is important risk of lung cancer, occupation and resident environment are showing association of lung cancer. So further evaluation is necessary for occupation risk and take preventive measures (Kim et al., 1995) . A case-study was reported of a silicosis sufferer with lung cancer, who was exposed to cement dust through plastering and waterproof work in the construction industry. It was concluded that the patient's silicosis with lung cancer was an occupationalcaused disease due to exposure to cement dust (Kim et al., 2008) . Road pavement workers are exposed to many known carcinogens in their complex occupational environment (Sellappa et al., 2011) . Construction industry workers are exposed to many known carcinogens in their complex occupational environment (Sellappa et al., 2010) . Professional bus drivers are exposed to environments containing air pollution and ROS that can induce cellular oxidative stress and DNA damage (Han et al., 2010) .
During the fabrication of silicon wafers, many toxic chemicals, a strong electric field and hazardous equipment are used. The process allows the integration of a threedimensional array of electric circuits onto a silicon wafer substrate. Wafers are sliced from single crystal silicon and subject to a series of steps during the fabrication process, which alternatively adds and then selectively removes materials in layers from the surface of the wafer to create different parts of the completed integrated circuit (Park et al., 2011) . There was no significant increase of leukemia in the Korean semiconductor industry. However, the incidence of non-Hodgkin's lymphoma (NHL) in females and thyroid cancer in males were significantly increased even though there was no definite association between work and those diseases in subgroup analysis according to work duration. This result should be interpreted cautiously, because the majority of the cohort was young and the number of cases was small .
Although the information was obtained from health insurance data, which has limitations such as accuracy and completeness, the number of foundry workers diagnosed with lung cancer was significantly higher than that of nonfoundry workers. Therefore, a well-designed cohort study should be followed to confirm the higher lung cancer rates in foundry workers (Ahn et al., 2000) . Foundry workers are potentially exposed to a number of carcinogens. It was conducted to describe the cancer incidence associated with employment in small-sized Korean iron foundries and to compare those findings to the Korean population. Overall cancer morbidity in foundry workers was significantly higher than that of Korean general population. Lung cancer and lymphohematopoietcic cancer in production workers were significantly high compared to Korean general population. Stomach cancer in fettling and lung cancer in molding and in fettling were there significant elevations compared to office workers. In this study, statistically significant excess lung cancer was observed in production workers comparing to Korean general population and office workers. Also, cancer morbidity of overall cancer, lung cancer and stomach cancer was significantly increased with duration of employment at ten and more years comparing to Korean general population. These findings suggest in causal association between exposure to carcinogens during foundry work and cancer morbidity (Ahn et al., 2010) .
Several studies have been conducted evaluating the carcinogenic effects of cement, but the results have been inconclusive, even though some cancers, such as lung and gastrointestinal cancers, have a suspected association with cement dust exposure (Koh et al., 2012) . Cement contains hexavalent chromium, which is a human carcinogen. However, its effect on cancer seems inconclusive in epidemiologic studies. The cohorts consisted of male workers in 6 Portland cement factories in Korea. Cancer mortality and incidence in workers were observed from 1992 to 2007 and 1997-2005, respectively. There was an increased standardized incidence ratio for stomach cancer of 1.56 in production workers. The standardized mortality ratio for lung cancer increased in production workers. However, was not statistically significant. Our result suggests a potential association between cement exposure and stomach cancer. Hexavalent chromium contained in cement might be a causative carcinogen . Hence, this study investigated the potential relationship between exposure in the cement industry and the development of various cancers. There are also a potential association between exposure in the cement industry and an increased risk of stomach and rectal cancers (Koh et al., 2012) .
It was to assess mining workers' exposures to potentially carcinogenic air contaminants with major non-carcinogenic contaminants in various types of mines in Korea. But the carcinogenic metals were detected at relatively high levels in air samples from coal iron and limestone mines. It was found that the miniers of all the mines were exposed at lower levels to mixture of potential Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 3385 DOI:http://dx.doi.org/10.7314/APJCP.2013.14.6 
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carcinogens and that particularly the coal miners would have the higher risks of cancer with pneumoconiosis (Shin et al., 2002) .
Cancer is a major concern in shipbuilding. Since the 1970s, shipbuilding and repair has been a strategic industry in Korea, which made Korea the world's largest shipbuilding country. The study is to investigate the cancer incidence in shipyard workers in Korea. The observed increase in stomach, liver, and lung cancers among production workers suggests that some occupational factors in the shipyard might have contributed to the increased cancer risk (Jeong et al., 2011) . The retrospective cohort study was to investigate the relationship between exposure of Korean workers to petrochemicals in the refinery/petrochemical industry and lymphohematopoietic cancers. The cohort consisted of 8,866 male workers who had worked from the 1960s to 2007 at one refinery and six petrochemical companies located in a refinery/petrochemical complex in Korea that produce benzene or use benzene as a raw material. The results showed a potential relationship between leukemia and lymphohematopoietic cancers and exposure to benzene in refinery/petrochemical complex workers. This study yielded limited results due to a short observational period; therefore, a follow-up study must be performed to elucidate the relationship between petrochemical exposure and cancer rates . A petrochemical worker with aplastic anemia was referred to. He worked in a petroleum resin-producing factory and had been exposed to low-level benzene. Most risk predictions for benzene exposures have been based on rubber workers who were exposed to high concentrations. In this paper, it was reported the case of aplastic anemia induced by low-level benzene exposure (Baak et al., 1999) . In the iron and steel industry, workers are potentially exposed to a number of carcinogens and are involved in a number of processes of a hazardous nature. Cancer morbidity at two Korean iron and steel complexes was analyzed using Poisson regression methods. Work histories were merged with the national cancer registry for 44,974 workers who were followed from 1988-2001. Lung cancer morbidity was significantly elevated at the affiliated plants against the parent plants, and all-cancer morbidity was significantly elevated for maintenance workers compared to office and production workers. Lymphohematopoietic cancer incidence was higher in the coke plants and stomach cancer incidence was higher in the maintenance departments. This recent steelworker cohort exhibits possible excess cancer morbidity in some processing areas. Further follow-up of this cohort and alternate study designs such as case-control study will be needed to elucidate the relationship of exposure and health risks of iron and steel workers (Ahn et al., 2006) . Agriculture in every industrialized country is one of the most hazardous occupations. Respiratory illnesses are common problems among the agricultural work force. The most frequent cause of respiratory illness is organic dust from livestock production and handling grain or hay that may produce bronchitis, asthma-like condition, irritation of the mucosa of the upper airways and eyes, and organic dust toxic syndrome. Overall cancer seems to be lower. However, there are several cancers for which the farming population may be at increased risk, including NHL, leukemia, multiple myeloma, brain, prostate, and skin (Lee, 2010) . The relationship between agricultural pesticides and colorectal cancer incidence was investigated in the Agricultural Health Study. Chlorpyrifos use showed significant exposure response trend for rectal cancer, rising to a 2.7-fold increased risk in the highest exposure category. Aldicarb was associated with a significantly increased risk of colon cancer, based on a small number of exposed cases, with the highest exposure category resulting in a 4.1-fold increased risk. In contrast, dichlorophenoxyacetic acid showed a significant inverse association with colon cancer but the association was not monotonic (Lee et al., 2007) .
Health care is a labor intensive industry and, in most countries, health care workers (HCWs) are fast growing sector of the workforce. Variety of occupational hazard, such as biological, ergonomical, chemical, physical and psychological factors, have been reported in HCWs. Important carcinogenic chemicals in HCWs are formaldehyde, ethylene oxide and anticancer drugs, which have been reported to be cause of occupational lymphohematopoietic cancer. In addition to organizational factors, the shift work and night work causes serious health problem of HCWs. These risk factors can affect to chronic underlying disorder (Kim, 2010) . Health care workers should pay attention to health disorders caused by physical factors to protect themselves against many hazards in hospitals (Lim, 2010) . Healthcare workers are exposed to a variety of chemical agents used in many different areas and purposes. The chemicals could cause health problems to healthcare workers using them. Such as glutaraldehyde, formaldehyde, ethylene oxide gas, anesthetics. Some of the anti-neoplastic drugs such as busulfan, chlorambucil, cyclophosphamide, melphalan are group 1 carcinogens. Other miscellaneous chemical agents are heavy metals such as elementary mercury or lead and organic solvents such as toluene, xylene and acetone. Air levels of most above chemicals in Korean hospitals were relatively low. However, we have to make every effort to reduce the exposure level of these chemicals (Won, 2010) .
Firefighters are facing occupational hazards such as exposures to a variety of carcinogens and toxic agents, heat, physical stress and psychological stress. This occupation involves an increased risk of particular health concerns including cardiovascular diseases and cancers. There are various carcinogens in the fire smoke. Many studies address that some types of cancers are related to firefighting. These cancers include brain tumors, cancers of hematopoietic and lymphatic systems, cancers of genitourinary tract, and skin cancers. To reduce the risk, it should be encouraged to use protective equipments efficiently and manage physically exerted firefighters appropriately at the fire scene (Han and Linton, 2008) . Many professional emergency responders (ERs) who belong to the Korean National Emergency Management Agency (NEMA) have been cross-trained and serve multiple roles. As such, firefighters and other ERs in Korea are exposed to similar occupational hazards. Korean firefighters showed excess morbidity in several cancer types, including colorectal and urologic cancers, and NHL, demonstrating similar trends to previous studies for firefighters conducted in other countries. Increased incidence in these cancer types suggests occupational exposure to carcinogens and shift work (Ahn et al., 2012) .
The contents of table 2 are shown the industrial carcinogens and their related jobs in Korea with IARC classifications.
Occupational Cancers with Molecular Epidemiology
It is possible in many situations to identify humans exposed to potentially toxic materials in the workplace and in the environment. There are biomarkers of exposure, effect/response and susceptibility may be influenced by the genotype existing in a population. The relationship between biomarkers and the various factors which affect them is complex. Sometimes the variables are not completely independent of each other (Anderson, 2001) . Interest in occupational cancer is growing in Korea. Especially, lung cancer and malignant mesothelioma are well known occupational cancers. Also, a nationwide investigation of the hazardous agent-exposed population was quite limited, so more efforts are needed to estimate the lung carcinogenexposed population. Few epidemiological studies have examined occupational respiratory cancer, and long-term cohort studies are thus far very limited. Nonetheless, it is expected that more research will be conducted in response to the increasing interest in occupational cancer. There is a report about biomarkers for early diagnosis and prevention of occupational diseases with many kinds of chemicals or compounds exposures in workplaces. But the limits of these biomarkers with regarded to monitoring of workers or animals are reported through a lot of tests (Jelmert et al., 1994) . Cellular mutations related to chemical carcinogenesis usually caused by oxidative DNA damage, and a major product of this damage is 8-hydroxyguanine (oh8Gua) (Cheng et al., 1992) .
To characterize changes in the expression of plasma proteins caused by exposure to 2,3,7,8-tetrachlorodibenzop-dioxin (TCDD), plasma samples from workers at municipal incinerators was analyzed using twodimensional gel electrophoresis (2-DE). TCDD treatment resulted in an increase in the mRNA and protein expression levels of AFP, but reduced albumin expression. According to our results, exposure to TCDD may induce liver disease or cancer, and the proteins identified in this study could help reveal the mechanisms underlying TCDD toxicity .
8- , arguably the most abundant base lesion induced in mammalian genomes by ROS, is repaired via the base excision repair pathway that is initiated with the excision of 8-oxoG by OGG1 (Boldogh et al., 2012) . 8-Oxo-7,8-dihydroguanine is one the most abundant base lesions in pro-and eukaryotic DNA. In mammalian cells, it is excised by the 8-oxoguanine DNA glycosylase (OGG1) during DNA base-excision repair, and the generated free 8-oxoG base is one of the DNA-derived biomarkers of oxidative stress in biological samples . The urinary excretion of 8-oxoGua is a biomarker of exposure, reflecting the rate of damage in the steady state (Loft et al., 2012) . Genotoxic effects, such as chromosomal aberrations, and cellular oxidative DNA damage by reactive oxygen species produced by hexavalent Cr exposure may play an important role in its carcinogenesis. There was a research on the levels of 8-hydroxydeoxyguanine (8-OH-dG) and its base excision repair activities in the lung tissues of rats that repeatedly inhaled a sodium chromate solution mist for 1, 2, and 3 weeks. The results suggest that the DNA damage caused by hexavalent Cr inhalation is induced by the generation of ROS and by inhibition of base excision repair activity during the earlier phase of exposure. However, the 8-OHdG levels and its repair activities recovered to the level of the controls in the latter inhalation exposure period (Maeng et al., 2003) . Single cell gel electrophoresis assay (comet assay) is a method to detect DNA damage from DNA chain excision and alkali labile sites, not chromosomal aberration, so it is possible to detect DNA damage from undivisible tissues. Alkaline comet assay as measured by single cell gel electrophoresis, on the other hand, accurately measures DNA fragmentation on a single cell level and allows analysis of subpopulation of cells. The assay was originally developed for measuring DNA damage of cells exposed to any genotoxic agent. In alkali condition, it can detect base modification, alkalilabile abasic site (AP site) formed when the damage site was inactively excised with DNA repair enzymes. And reported that it can measured the DNA damage in specific sites with FLARE (Fragment Length Analysis with Repair Enzyme) assay, the improved method of comet assay by treatment of endonuclease Ⅲ or formamidopyrimidine DNA glycosylase (Fpg) (Rim et al., 2007) . 8-Oxoguanine DNA glycosylase 1 (EC 3.2.2.23) is encoded by OGG1 gene and plays a key role in removing 8-oxo-7,8-dihydroguanine (8-oxoG) base in DNA lesion by ROS .
A case control study was conducted to evaluate the role of known risk factors (smoking and high-risk occupational history) and the genetic polymorphism of GSTM1 and GSTT1 in blader carcinogenesis in Korean men. Neither smoking nor high-risk occupational history was statistically significant risk factor of the bladder cancer. However, the GSTM1 null-type showed borderline significance and both GSTM1 and GSTT1 null-type was statistically significant risk factor of bladder cancer when compared with both normal genotype after age and smoking history were adjusted. The concurrent null-type of GSTM1 and GSTT1 increases the risk of bladder cancer in Korean men . Activity of enzymes involved in the metabolism of various carcinogenic xenobiotics is one of the most important host factors for cancer occurrence. It was performed to investigate whether the polymorphisms of N-acetyltransferase type 2 (NAT2) and GSTM1 are risk factors of bladder tumor and to evaluate the effects of their interaction on bladder tumor development. It was suggested that GSTM1 deletion may be a significant risk factor of bladder tumor . The study was performed to investigate whether the polymorphisms of NAT2, GSTM1 and GSTT1 are Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 3387 DOI:http://dx.doi.org/10.7314/APJCP.2013.14.6.3379 Occupational Cancers with Chemical Exposure and Prevention in risk factors of bladder cancer and to evaluate the effects of their interaction on bladder cancer development. It was suggested that GSTM1 deletion may be a significant risk factor of bladder cancer. Since there have been much debates on causal relationship between slow acetylation and GSTT1 deletion, and bladder cancer, further studies are needed (Kim et al., 1998) . The association between urinary 1-hydroxypyrene glucuronide (1-OHPG) levels, as an internal measure of polycyclic aromatic hydrocarbon (PAH) exposure, and glycophorin A (GPA) mutation frequency, as an early biologic effect indicator, was determined to establish whether genetic polymorphisms of glutathione S-transferase (GST) isoforms GSTM1 and GSTT1 play a role. Eighty-one workers including 38 employees directly involved in incinerating industry wastes were recruited from a company located in South Korea. It was suggested that the association between urinary 1-OHPG and GPA mutation might be modulated by the GSTM1 genotype . It was investigated that influenced the excretion of urinary 8-OH-dG in 78 firefighters. 53 Out of 78 firefighters were exposed to fire within 5 days of the study and 25 were not. 8-OH-dG was measured by ELISA and the distribution of the genotypes of CYP1A1, CYP2E1, GSTM1, and GSTT1 was measured by polymerase chain reaction (PCR). Smoking and CYP2E1 gene polymorphism may be important factors in carcinogenesis and the GSTT1 positive genotype may be a genetic susceptibility factor in firefighters who are exposed regularly to various chemical carcinogens (Hong et al., 2000) . Occupational exposures to certain metals, hydrocarbons and ionizing radiation are associated with increased lung cancer in workers; because these exposures continue, lung cancer remains an important problem in industrialized nations. The gravity of the lung cancer, specifically the low cure rate associated with the disease, has forced researchers to focus efforts at developing biological indicators (biomarkers) of carcinogen exposure and early, reversible effects. Biomarkers of several different stages of the carcinogenic process have been proposed. Industrial hygiene and occupational health emphasize exposure and disease prevention. For this reason, biomarkers useful in industrial hygiene practice are those which measure events prior to the initiation phase of carcinogenesis; markers of later events which have a greater positive predictive value may measure irreversible effects and are more appropriate for disease screening and epidemiology (Talaska et al., 1996) . Carcinogen-DNA adduct analysis has potential for biomonitoring the earliest effects of exposure to many chemical carcinogens. So many researchers begin to use them as biomarker for monitoring the earliest exposure of carcinogens and develop the effective analytical techniques about them. A major project for biomonitoring workers with carcinogen-DNA adducts is to develop noninvasive samples instead of tissues of target organs such as bladder and lung. It could significantly measure the DNA adduct in exfoliated urothelial cells by using the above 32 P-postlabelling procedures, and use them to be biomonitoring workers who exposed carcinogens (Lee et al., 2000) .
In probing the possible non-genotoxic molecular targets of cadmium-induced nasal toxicity, it was performed an mRNA differential display analysis for cadmium-treated human nasal septum carcinoma RPMI-2650 cells. It was suggested that cadmium-induced ROS cause up-regulation of AKR1C3 expression, at least partially via the activation of PI3K-related intracellular signaling pathways, and Nrf2 activation, thereby contributing to an adaptive intracellular response to cadmium toxicity . Diesel exhaust particles (DEP) are known to cause cardiopulmonary diseases due to their proinflammatory and cytotoxic effects. The phenomenon of apoptosis is a key event that successfully clears damaged cells, and its failure leads to the development of more serious diseases, such as lung cancer. The findings of this study suggest that DEP trigger apoptosis in J774A.1 macrophage cells via the activation of p53, followed by Bax (Yun et al., 2009) . At the cellular level, cadmium influences gene regulation, generation of ROS and inhibition of DNA repair activities. It increases expression of protooncogenes including c-fos, c-jun and c-myc, which could induce carcinogenesis. It also induces expression of metallothionein encoding gene. The binding of metallothionein proteins and cadmium ion might helps to occur cancer. Again, cadmium generates free radical involving hydroxyl radicals, superoxide anions, nitric oxide hydrogen peroxides. These free radicals damage DNA and decrease DNA repair protein activity. One of the factors which protects cell is antioxidants including superoxide dismutase (SOD), catalase, glutathione peroxide. Several studies have been reported that cadmium can change expression level of antioxidants in dose dependents manners. Hence, cadmium exposure might break the balance between antioxidants and ROS in high dose which may lead to cell death (Lee and Seo, 2009 
Prospect for Occupational Cancer Prevention in Korea
Considering the current Korean use of chemicals, even newly registered, the number of compensated cases in Korea is expected to increase in the future. Cancer is one of the main causes of death worldwide. Many factors are responsible for the recent increase in cancer. Other known causes of cancer, such as occupational, genetic, and reproductive factors, play a lesser role in the global burden of cancer. Researches into the causes of cancer have revealed how many of the most common cancers can be prevented. Detection of many forms of the disease at an early stage can greatly improve the prospects for effective treatment, reducing deaths and enhancing quality of life (Yoo and Shin, 2003) .
Primary prevention, which was successful in controlling occupational cancers, aims at minimizing exposures to carcinogens in healthy subjects and at favoring the intake of chemopreventive agents with dietary and pharmacological agents. Besides chemical carcinogens, often in the form of complex mixtures, the workplace may involve exposures to physical agents, such as sunlight and artificial illumination systems delivering UV radiation, or to biological agents, such as chronic viral infections (HBV, HCV, and HIV) associated with cancers. A controversial issue is the occurrence of threshold doses for carcinogens in the workplace and the environment (De Flora et al., 2011 (Table 1) . KOSHA offers 13,232 kinds of GHS MSDS information including 2,484 carcinogenic substances. Therefore, carcinogenicityrelated information of chemical substances, which are not available on the existing GHS MSDS DB, should be updated for the future reference .
The psychosocial factor increased the risk of chronic disease (hypertension, coronary heart disease, and musculoskeletal disease) and psychological diseases (alcoholism, depression, anxiety), shift work, specifically, was associated with an increased risk of cancer. It is required that worksite prevention programs be established in occupational as well as individual levels (Koh, 2010) . Current OSH situations and issues in Korean electronics industry raise the need of changes in OSH culture. General adaptation of precautionary principle, internalization of costs, and extended responsibility of producers are needed urgently. The OSH professionals both in public and private sectors should support these agendas under their social obligation to protect workers' health (Kong, 2012) .
Lots of chemicals including metal compounds such as arsenic, cadmium, chromium, cobalt, lead, mercury, and nickel are classified as carcinogens affecting human health through occupational and environmental exposure. However, the underlying mechanisms involved in tumor formation are not well clarified. Attention is paid to metal-induced generation of free radicals, the phenomenon of oxidative stress, damage to DNA, lipid, and proteins, responsive signal transduction pathways with major roles in cell growth and development, and roles of antioxidant enzymatic and DNA repair systems. Interaction of non-enzymatic antioxidants (carotenoids, flavonoids, glutathione, selenium, vitamin C, vitamin E, ginsenosides etc.) with cellular oxidative stress markers (catalase, glutathione peroxidase, and superoxide dismutase) as well as certain regulatory factors, including AP-1, NF-κB, Ref-1, and p53 is also reviewed. Dysregulation of protective pathways, including cellular antioxidant network against free radicals as well as DNA repair deficiency is related to oncogenic stimulation. These observations provide evidence that emerging oxidative stress-responsive regulatory factors and DNA repair proteins are putative predictive factors for tumor initiation and progression (Koedrith and Seo, 2011) .
To prevent occupational cancer in coke oven plant workers, we must remodel the engineering procedure, begin comprehensive medical surveillance, educate workers on risks and the benefits of smoking cessation, and increase awareness of safety regulations in the workplace (Lim et al., 2002) . Particularly, occupational exposure to high PAHs has been suspected to induce cancer. In addition, consumption of the Korean pears showed inverse association with level of urinary 1-hydroxypyrene (1-OHP), which is an exposure biomarker and metabolite of PAHs. Therefore, we investigated the effects of the Korean pears on level of urinary 1-OHP among male taxi drivers at Seoul, in a pilot study. It was suggested that the Korean pears may have chemopreventive effects on PAHs-induced cancer, particularly PAHs-high exposed people, via rapid excretion of bioactive intermediates (Lee and Yang, 2009) .
Chemoprevention to protect the normal cells from the conversion to cancer cells using safe chemicals is becoming popular as an effective strategy to conquest the cancer. It has been reported that many ingredients in food were confirmed they have suppressive qualities in regard to carcinogenesis in each specific stage such as initiation, promotion and progression. This review focuses on many industrial carcinogens which workers are exposed to, the industries or jobs related, and the efforts to prevent the occupational cancer effectively by our Korean researchers (Rim and Kim, 2010) .
In addition, nanoparticles, electromagnetic waves, and climate changes are suspected as future carcinogenic sources. As their carcinogenicity or involvement in carcinogenesis is not clearly unknown, proper consideration for them should be taken into account. For these purposes, new technologies with a balance of environment and gene are required. Currently, various approaches with advanced technologies--genomics, exposomics, etc.--have accelerated development of new biomarkers for biological monitoring of occupational and environmental carcinogens (Yang, 2011) . These advanced approaches are promising to improve quality of life and to prevent occupational and environmental cancers.
